Effect of pretreatment parameters on cobalt removal and surface roughness of tungsten carbide prior to diamond coating by Abdullah, Arman Shah
vii 
 
 
 
TABLE OF CONTENTS 
 
 
 
 
CHAPTER TITLE 
 
PAGE 
 DECLARATION  ii 
 DEDICATION  iii 
 ACKNOWLEDGEMENTS  iv 
 ABSTRACT  v 
 ABSTRAK  vi 
 TABLE OF CONTENTS  vii 
 LIST OF TABLES  xi 
 LIST OF FIGURES  xiii 
 LIST OF SYMBOLS xvi 
 LIST OF APPENDICES 
 
xvii 
1 INTRODUCTION   1 
 1.1 Introduction  
 1.2 Statement of Problem 3 
 1.3 Objective of the Study 3 
 1.4 Significance of the Study 4 
 1.5 Scopes of the Study 4 
 1.6 Summary 
 
5 
2 LITERATURE REVIEW 6 
 2.1 Introduction 6 
 2.2 Chemical Vapor Deposition (CVD) 7 
  2.2.1 Diamond Coating Technique 7 
viii 
   2.2.1.1 Microwave Plasma Assisted CVD 8 
   2.2.1.2 DC Arc Jet CVD 10 
   2.2.1.3 Combustion-Synthesis CVD 11 
   2.2.1.4 Hot-Filament CVD (HFCVD) 12 
  2.2.2 Surface Pretreatment Method 14 
  2.2.3 Nucleation Density 16 
  2.2.4 Adhesive Strength 18 
 2.3 Tungsten Carbide 19 
  2.3.1 Introduction 19 
  2.3.2 Classification of Cemented Carbide Tools 20 
   2.3.2.1 The international Organization for 
standardization (ISO) system 
21 
   2.3.2.2 The United State (US) Designation 22 
  2.3.3 Structures and Properties of Tungsten Carbide 25 
  2.3.4 Application of Tungsten Carbide 29 
 2.4 Surface Roughness 32 
 2.5 Design of Experiment 35 
  2.5.1 Factorial Design 36 
  2.5.2 Response Surface Methodology 37 
   2.5.2.1 Test for Significance of the Regression 
Model 
39 
   2.5.2.2 Test for Significance on Individual 
Model Coefficients 
40 
   2.5.2.3 Test for Lack-of-Fit 40 
 2.6 Summary 
 
44 
3 METHODOLOGY 45 
 3.1 Introduction 45 
 3.2 Experimental Procedures 46 
  3.2.1 Substrate Material Preparation 47 
  3.2.2 Pretreatment 47 
   3.2.2.1 Sand Blasting 48 
   3.2.2.2 Single Step Etching 48 
ix 
  3.2.3 Design of Experiment 50 
   3.2.3.1 Experimental Plan 50 
   3.2.3.2 Strategy Experimental 52 
 3.3 Experimental Equipments 53 
  3.3.1 Precision Cutter Machine 53 
  3.3.2 Blast Wear Tester (BWT) 54 
  3.3.3 Ultrasonic Bath Machine 55 
  3.3.4 Heater 56 
  3.3.5 Portable Surface Roughness Tester 57 
  3.3.6 Scanning Electron Microscope (SEM) 58 
 3.4 Summary 
 
59 
4 RESULTS AND DISCUSSIONS 60 
 4.1 Introduction 60 
 4.2 Sample Cut Surface 61 
 4.3 Pretreatment Results 63 
  4.3.1 Blasting 63 
  4.3.2 Acid Etching 65 
   4.3.2.1 Analysis for factorial design  67 
   4.3.2.2 Analysis for response surface 
methodology 
82 
   4.3.2.3 Confirmation Run 98 
 4.4 Discussion 99 
  4.4.1 Cutting and Blasting 99 
  4.4.2 Full Factorial Design  100 
  4.4.3 Response Surface Methodology 101 
 4.5 Summary 
 
102 
5 CONCLUSIONS AND RECOMMENDATIONS 103 
REFERANCES 104 
Appendices A – Y                                                                                             108-115 
     
 
xi 
 
 
 
LIST OF TABLES 
 
 
 
 
TABLE NO. TITLE PAGE 
 
2.1 Classification of carbide according to use 
 
23 
2.2 Properties of carbide 
 
27 
2.3 Summary of findings for first step etching 
 
41 
3.1 Factors and levels for response surface study 
 
50 
3.2 Complete design layout for factorial design 
 
50 
3.3 Complete design layout for Response Surface 
Methodology (RSM) 
 
 
51 
4.1 Surface roughness and cobalt content for incoming WC 
substrates 
 
 
62 
4.2 Surface roughness and cobalt content for blasted WC 
substrates 
 
 
65 
4.3 Experimental results for surface roughness 
 
66 
4.4 ANOVA table for full factorial (response: surface 
roughness, Ry) 
 
 
67 
4.5 ANOVA table for full factorial (response: surface 
roughness, Rz) 
 
 
72 
4.6 ANOVA table for full factorial (response: Cobalt Content) 
 
77 
4.7 ANOVA table for response surface methodology (surface 
roughness, Ry) 
 
 
82 
4.8 ANOVA table for response surface methodology (surface 
roughness, Rz) 
 
86 
xii 
4.9 ANOVA table for response surface methodology (Cobalt 
Removal) 
 
 
92 
4.10 An example of the set goals for surface roughness 
optimization 
 
 
97 
4.11 Possible optimal solution for surface roughness 
 
97 
4.12 An example of the set goals cobalt content optimization 
 
97 
4.13 Possible optimal solution for surface roughness 
 
97 
4.14 Confirmation test for surface roughness 
 
98 
4.15 Confirmation test for cobalt content 98 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xiii 
 
 
 
LIST OF FIGURES 
 
 
 
 
FIGURE NO. TITLE 
 
PAGE 
2.1 Microwave plasma assisted CVD 
 
10 
2.2 Hot filament chemical vapor deposition 
 
14 
2.3 Hot hardness test on mono carbides of four transition 
element 
 
 
27 
2.4 Structure of a cemented carbide (WC-CO) of coarse grain 
size 
 
 
28 
2.5 The Properties of tungsten carbide 
 
28 
2.6 Mechanical properties of WC-Co alloys of medium-fine 
grain size 
 
 
29 
2.7 Different systems of surface roughness measurement 
 
34 
3.1 Overall of methodology flow chart 
 
36 
3.2 Substrate material 
 
48 
3.3 Detailed flowchart of chemical etching pretreatment 
process 
 
49 
3.4 Strategy of experimentation 
 
52 
3.5 Precision cutter machine 
 
54 
3.6 BWT chamber for blasting 
 
55 
3.7 Branson ultrasonic bath machine 
 
56 
3.8 Heater 
 
57 
3.9 Surface roughness tester 57 
xiv 
3.10 Scanning Electron Microscope (SEM) 
 
58 
4.1 SEM micrographs of incoming substrate after cutting by 
Precision Cutter. 
 
 
61 
4.2 EDAX spectra of surface incoming substrate after cutting 
 
62 
4.3 SEM micrographs of substrate after blasting 
 
64 
4.4 EDAX spectra of surface incoming substrate after cutting 
 
64 
4.5 SEM micrographs of substrate after blasting 
 
66 
4.6 Normal probability plot of residual for SR,Ry 
 
69 
4.7 Plot of residual vs. predicted response for SR,Ry 
 
70 
4.8 Outlier T plots for SR Ry 
 
70 
4.9 Main effect plots for surface roughness Ry 
 
71 
4.10 Contour Plot for surface roughness Ry 
 
71 
4.11 Normal probability plot of residual for SR,Rz 
 
73 
4.12 Plot of residual vs. predicted response for SR,Rz 
 
74 
4.13 Outlier T plots for SR Rz 
 
74 
4.14 Main factor effect SR Rz 
 
75 
4.15 Interaction graph for temperature and time for Sr,Rz 
 
76 
4.16 Contour plot for surface roughness Rz 
 
76 
4.17 Normal probability plot of residual for Cobalt 
 
78 
4.18 Plot of residual vs. predicted response for cobalt 
 
79 
4.19 Outlier T for cobalt content 
 
80 
4.20 Main effect for cobalt content 
 
80 
4.21 Interaction graph for temperature and time for cobalt 
content 
 
 
81 
4.22 Contour plot for cobalt content 
 
81 
4.23 Normal probability plot of residual for SR,Ry 
 
83 
xv 
4.24 Plot of residual vs. predicted response for SR,Ry 
 
84 
4.25 Outlier T for surface roughness Ry 
 
85 
4.26 Main effect for surface roughness Ry 
 
85 
4.27 3D surface and contour plot for surface roughness Ry 
 
86 
4.28 Normal probability plot of residual for SR,Rz 
 
88 
4.29 Plot of residual vs. predicted response for SR,Rz 
 
89 
4.30 Outlier T for surface roughness Rz 
 
89 
4.31 Interaction effect of temperature and time on surface 
roughness, Rz 
 
90 
4.32 3D surface and contour plot for surface roughness Rz 
 
91 
4.33 Normal probability plot of residual for cobalt content 
 
93 
4.34 Plot of residual vs. predicted response for cobalt content 
 
94 
4.35 Surface and contour plot 
 
94 
4.36 Main effect for cobalt content 
 
95 
4.37 Interaction effect on cobalt content 
 
95 
4.38 Surface and contour plot on cobalt removal 96 
 
 
 
 
 
 
 
 
 
 
 
 
 
xvi 
 
 
 
 
LIST OF SYMBOLS 
 
 
 
 
Adeq. precision  - adequate precision  
 
Adj. R2  - adjusted R2  
 
Cor. Total  - totals of all 
information  
corrected for the 
mean 
  
CV  - coefficient of 
variation d.f. 
degrees of freedom 
  
Pred. R2  - predicted R2  
 
Prob. > F  - proportion of time 
or probability you 
would expect to get 
the stated F value 
 
PRESS  - predicted residual 
error sum of 
squares  
 
R2  - coefficient of 
determination  
 
S.D.  - square root of the 
residual mean 
square 
  
SEM - Scanning Electron 
microscopy 
   
   
xvii 
   
 
 
 
LIST OF APPENDICES 
 
 
 
 
APPENDIX TITLE 
 
PAGE 
A SEM micrograph after cutting WC substrate 
 
108 
B SEM micrograph of blasted WC substrates 
 
110 
C SEM micrographs after acid etching 
 
112 
 
